A method for testing handgun bullets in deer by Courtney, Michael & Courtney, Amy
1A method for testing handgun bullets in deer
Michael Courtney, PhD
Ballistics Testing Group, P.O. Box 24, West Point, NY 10996
Michael_Courtney@alum.mit.edu
Amy Courtney, PhD
Department of Physics, United States Military Academy, West Point, NY 10996
Amy_Courtney@post.harvard.edu
Abstract:
Using service handguns to test bullets in deer is problematic because of velocity loss with range and accuracy giving 
sub-optimal shot placement.  An alternate method is presented using a scoped muzzleloader shooting saboted 
handgun bullets to allow precise (within 2” in many cases) shot placement for studying terminal ballistics in a living 
target.  Deer are baited to a known range and path obstructions are used to place the deer broadside to the shooter.
Muzzleloading powder charges provide a combination of muzzle velocity and velocity loss due to air resistance for a 
given ballistic coefficient that produce impact velocities corresponding to typical pistol velocities.  With readily 
available sabots, this approach allows for testing of terminal ballistics of .355, .357, .40, .429, .45, and .458 caliber 
bullets with two muzzleloaders (.45 and .50 caliber).  Examples are described demonstrating the usefulness of testing 
handgun bullets in deer for acoustic shooting event reconstruction, understanding tissue damage effects, and 
comparing relative incapacitation of different loads.
Originally submitted 13 December 2006.  Revised version submitted 31 July 2007.
I. Introduction
Testing handgun bullets in deer is desirable 
because the National Academy of Science 
(NAS) guidelines [NAS96] create considerable 
expense and inconvenience for researchers
using domestic livestock or laboratory animals.  
Deer are abundant (overpopulated in many 
places) and comparable in size to humans.  The 
shooting of deer is governed by state laws 
(depending on jurisdiction) that are often less 
restrictive than the NAS guidelines for live animal 
research.  As long as bullet testing is performed 
in accordance with state wildlife regulations, the 
shooting of wildlife is exempt from NAS 
requirements.  There have been many published 
articles in hunting magazines about the results of 
testing rifle and muzzleloader bullets in deer. 
Testing bullets in deer represents the easiest 
way to quantify the reaction of an unanesthetized 
human-sized animal to a bullet wound.  
Incapacitation effectiveness can be quantified 
using the time it takes to fall down or the 
distance the deer covers before falling down.  
The distance a deer covers before falling is a 
common way for hunters to describe bullet 
effects.
Wounding effectiveness can be quantified by 
the diameter of the hole at various penetration 
depths; location, extent and severity of 
hemorrhaging; and other observations of 
damaged tissue using the naked eye, 
microscope, or advanced techniques using 
biochemical indicators [SHS90a, SHS90b, 
WWZ04].
Testing handgun bullets in deer also gives 
opportunity to study the acoustic signature of a 
bullet hitting a live animal target [COC06e].  
The sound of a bullet hitting a living target is 
almost as loud as the muzzle blast and can be 
used to help determine the distance between 
shooter and target.  We anticipate that other 
uses of handgun bullet testing in deer may also 
be developed.
2Deer have been hunted with handguns for many 
decades.  However, directly testing handgun 
bullets in deer using normal handgun hunting 
techniques is problematic.  The bullet loses 
velocity with flight distance and can impact with 
100-200 fps below the muzzle velocity.  In 
contrast, most self-defense use of service 
handguns is at close range with little velocity 
loss.  Consequently, simply going into the field 
and shooting deer with a service caliber handgun 
demonstrates the bullet performance at lower 
velocities than occur in most self-defense 
situations.  Few hunters possess the skills to 
reliably get close enough to deer (10-15 feet) so 
that velocity loss can be neglected.
Shot placement is a second difficulty in shooting 
deer directly with service handguns.  Accurately 
placing shots is challenging at the ranges deer 
are most commonly encountered in sport hunting 
(25-200 yards).  It would also be advantageous 
to have a method of testing handgun bullets in 
deer where the shot angle is well controlled.  
This is not to say that there is no value in testing 
handgun bullets in deer using service handguns, 
only that more carefully controlled impact 
velocity, shot placement, shot angle, and 
distance enable more accurate conclusions to be 
drawn and better comparisons between effects 
of different handgun loads.  
II. Method
Muzzleloaders are capable of shooting saboted 
pistol bullets in a range of calibers.  A .45 caliber 
in-line muzzleloader can accurately shoot 
saboted .355, .357, and .40 caliber pistol bullets 
over a wide range of velocities (1000-2000 fps).  
A .50 caliber in-line muzzleloader can accurately 
shoot saboted .40, .429, .451, and .458 caliber 
bullets over a similar velocity range.
One must develop a powder charge to provide a 
muzzle velocity exceeding the velocity in a 
service pistol so that the velocity loss (due to air 
resistance) between the muzzle and target 
produces the service pistol velocity upon 
impact at range.  For example, to deliver a 
pistol bullet with a BC of 0.135 at a velocity of 
1200 fps at 50 yards, one would work up a load 
producing 1385 fps at the muzzle.
Computing the muzzle velocity required for a 
specified impact velocity is straightforward with 
a good ballistic calculator.1  One needs to use 
temperature and humidity values reasonably 
close to those expected under the 
experimental conditions.  In the above 
example, decreasing the ambient temperature 
from 59° F to 30° F reduces the impact velocity 
by 13 fps if the muzzle velocity is constant.  
The most accurate approach is to both 
compute the needed muzzle velocity and 
develop a load for ambient conditions similar to 
those expected for the actual testing.
Going further, one can confirm that the 
muzzleloader velocity meets the expectations 
during the actual shooting of deer by recording 
the event with a microphone placed close to 
the muzzle and analyzing the waveform to 
determine the time of the target hit.  The time 
of the target hit and the distance can be used 
to compute the velocity [COU07, COC06e].
Before choosing the muzzleloader-based 
approach, we considered using Thompson 
Contender pistol barrels to accomplish the 
same result.  Bullets could be loaded with 
higher muzzle velocity than in service caliber 
handguns (to compensate for velocity drop with 
distance), and accurate placement could be 
achieved using a scope and a good rest.  
One downside of using TC pistol barrels is that 
this approach requires at least one different 
barrel for each caliber tested, as well as at 
least one set of reloading dies.  In addition to 
cost, a second disadvantage of this method is 
that pistol loads are more sensitive to small 
                                                
1We like http://www.eskimo.com/~jbm
3changes in powder charge than muzzleloaders, 
so developing a powder charge is more time 
consuming.  
The muzzleloading approach also allows greater 
hunting access in many states.  Muzzleloaders 
are usually permitted in both the general firearms 
and muzzleloading seasons, but service 
handguns are not ordinarily permitted in the 
muzzleloading season.   Many states do not 
allow hunting with some service caliber 
handguns during the general firearms season.
In jurisdictions that allow it, deer can reliably be 
placed at a known and predetermined distance 
using bait such as a pile of apples or corn.2  
Deer will come readily to a bait pile, especially in 
overpopulated areas.  Placing an obstruction 
such as a brush pile or a short fence panel 
behind the bait pile is effective at restricting the 
angles at which the deer approach the pile so 
that the shooter usually only has to wait a short 
time for the deer to turn broadside.  
Depending on the specific experimental goals, 
other considerations might include shooting only 
a subset of all the wild deer that present an 
opportunity.  Tags for antlerless deer are usually 
more abundant in well-populated areas, so 
restricting shots to antlerless deer provides more 
uniformity in deer size while still providing a 
larger number of animals.  In contrast, studying 
the acoustic response of a bullet hitting a 200+ lb 
animal probably requires waiting for a large 
mature buck.
III. Example 1: Distance/Velocity 
determination by sound of target impact
As described in detail elsewhere [COC06e], if 
the muzzle velocity is known, the distance to the 
target can be determined by the sound of the 
target impact.  Conversely, if the distance and 
                                                
2 In areas that do not allow baiting, this method could be 
employed in an orchard where distances were carefully marked.  
Alternatively, leaving one tree unpicked would concentrate deer 
at a carefully measured distance.
ballistic coefficient (BC) are known, both the 
muzzle velocity and the impact velocity can be 
determined [COU07].
The goal was to shoot the Nosler 135 grain .40 
caliber bullet impacting at 1375 fps 
(representative of a .40 S&W load).  A 
microphone was placed near the muzzle to 
record both the muzzle blast and the sound of 
the bullet hitting the deer.  The time recorded 
between the muzzle blast and bullet striking 
the target represents the sum of the bullet time 
of flight (tb) and the time for the sound to return 
to the microphone from the target (ts).
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Figure 1: Sound Waveform of Bullet Hitting Deer
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Figure 1: Acoustic waveform of a .40 caliber 
bullet hitting a deer.
Figure 1 shows the sound waveform of the 
bullet hitting a deer.  Sampling is triggered by 
the muzzle blast (t = 0).  The microphone is 
saturated by the muzzle blast until t = 0.15 s.  
Peaks from t = 0.15 s until the peak at A 
represent reverberating echoes of the muzzle 
blast.  The peak at A records the bullet 
breaking the near shoulder (tA = 0.34705 s) 
followed by the sound of the bullet breaking the 
far shoulder at B.   The peak at C is the loud 
noise generated by the temporary cavitation of 
the lungs striking the rib cage.  Since the near 
shoulder is close to the surface, the time of 
initial impact can be approximated by tA = 
0.34705 s.
Under the ambient conditions (61° F), the 
speed of sound is 1118.6 fps, and the time for 
4the sound to return 231 feet from the target is 
ts=0.2065 s.  Subtracting this from the time of 
impact tA = 0.34705 s gives the bullet flight time 
tb = 0.1406 s.  
One can use this bullet flight time, the measured 
distance (231 feet), ballistic coefficient (0.093), 
the relative humidity (50%), the air temperature 
(61° F), the barometric pressure (29.98 in Hg), 
and the altitude (1100 ft) to estimate a muzzle 
velocity of 1925 fps and impact velocity of 1394 
fps.  The 2.1% increase from the measured 
average muzzle velocity (1884 fps) with this load 
arises from shot-to-shot variations in the muzzle 
velocity and uncertainties in the ballistic 
coefficient and atmospheric conditions.  
IV. Example 2: Tissue damage of 135 
grain Nosler JHP @ 1367 fps (.40 S&W)
The load and distance from Example 1 have 
been used for testing in a number of deer.  The 
wounding of the deer in the above example is 
not characteristic of this bullet’s general 
performance because both shoulders were 
broken.  Hitting the near shoulder creates a 
shower of bone fragments that significantly 
enhances wounding in the lungs.  More typical 
wounding potential of this bullet is demonstrated 
by a shot that does not create a shower of bone 
fragments by hitting major bone on entrance.
The distance and the load were the same as for 
Example 1, but the day was considerably colder 
(30° F) and drier (20% relative humidity).  Using 
a muzzle velocity of 1925 fps (as determined in 
the previous example) gives an impact velocity 
of 1367 fps.  Using the average muzzle velocity 
of 1884 fps suggests an impact velocity of 1337 
fps.  These shot-to-shot variations in muzzle 
velocity (and resulting uncertainty in impact 
velocity) were our motivation for developing the 
acoustic method to enable better estimation of 
impact velocities on each shot.  
The deer shot here was an adult male weighing 
177 lbs.  It was shot broadside through the chest 
with the bullet slipping between two ribs on the 
left side, penetrating the lungs, exiting the 
thoracic cavity and stopping just under the skin 
on the far (right) side.   Figure 2 shows the 
inside of the thoracic cavity where the bullet 
entered between two ribs.
The effects on tissue were impressive. The 
bullet entered just in front of the third rib 
(counting from the back) on the left side, 
pulverized a large area (1.5” diameter) on the 
inside of the rib cage and in the liver, entered
the left lung producing a large (> 1” diameter) 
pulverized region, entered the right lung 
producing a pulverized region that gradually 
shrank in size to the recovered diameter of the 
bullet (0.58”), exited the rib cage just in front of 
the 11th rib (counting from the back) and was 
recovered in the muscles of the right shoulder. 
The direction of the wound agrees with the 
account of the shot that the buck was mostly 
broadside, but angled slightly away with his 
head down eating. 
Figure 2: Interior entrance wound in thoracic 
cavity for .40 Nosler JHP at .40 S&W velocity.
5Figure 3: Medial (inside) surface of left (near-
side) lung showing damage much larger than 
recovered bullet diameter (0.58”).
According to the view of handgun bullet 
wounding that asserts direct crush is the only 
mechanism [PAT89, MAC94, FAC88a, FAC96a], 
the bullet wound should be roughly cylindrical in 
shape, and have a diameter roughly equal to the 
recovered diameter of the bullet. The volume of 
this expected wound channel is widely known as 
the permanent cavity (PC) and given by the 
frontal area of the recovered bullet times the 
penetration depth (12”). This gives an expected 
wound volume of 3.17 cubic inches.
What we actually observed is closer to a 
truncated cone region of pulverized tissue with a 
diameter of 1.5” on the entrance side, and 
gradually narrowing to 0.58” on the exit side of 
the rib cage. The actual volume of this truncated 
cone of pulverized tissue is an estimated 12.18 
cubic inches, or nearly 4 times the volume 
predicted by the PC-only view of wounding via 
handgun bullets.
In addition, we observed a region of severe to 
moderate hemorrhaging along the wound 
channel that was 5” in diameter at entrance, 
narrowed to roughly 3” in diameter at the medial 
surface of the left lung and gradually shrank in 
size to the bullet diameter where the bullet exited 
the rib cage. This region of hemorrhaging has an 
approximately truncated cone shape with a 
volume of 119.3 cubic inches.
We believe that the ballistic pressure wave 
[COC06b, COC06c] is responsible for this 
hemorrhaging, though we cannot rule out the 
temporary stretch cavity (TSC) for some 
regions. However, the 5” diameter of 
hemorrhaging of the muscular tissue 
surrounding the entrance wound is much larger 
than the expected TSC at this point. This is the 
effect that hunters associate with high-velocity 
rifle bullet wounds and refer to as bloodshot 
meat. Since the pressure wave is more 
strongly directed backward than the TSC, it 
makes sense that this hemorrhaging is due to 
the pressure wave.
We also observed mild hemorrhaging along the 
abdominal walls and rear rib cage on the right 
side. This is the area directly opposite from the 
entrance wound, but several inches caudal 
(rearward) from the point where the bullet 
exited the rib cage. Thus this region was out of 
reach of both the permanent crush cavity and 
the temporary stretch cavity, and it seems that 
the most likely cause of the hemorrhaging was 
the pressure wave.
The deer ran 54 yards (straight line distance) 
from where it was shot to the point where the 
carcass was recovered. This is in good 
agreement with our empirical models that 
predict the average drop distance from the 
peak pressure wave magnitude.3  In spite of 
the absence of an exit wound, there was an 
obvious blood trail along the path the deer ran.
The wounds we observed for the 135 grain 
Nosler JHP are similar to those observed in 
                                                
3 We have presented an empirical model for incapacitation 
time as a function of pressure magnitude elsewhere [COC06c].  
Our predicted average incapacitation distance for deer is 
simply the incapacitation time in goats times an average speed 
of 10 yards per second.  For example, a time of 5 seconds 
predicts a distance of 50 yards.
6studies with the 115 grain Triton Quik-Shok at 
.357 Sig velocities  (see Example 3). In both 
cases, there is substantial tissue damage and 
destruction beyond the tissue crushed directly by 
the projectile. These two loads generate 
comparable pressure waves.
The tissue damage observed from the 135 grain 
Nosler JHP is markedly different from that which 
we have observed on other occasions with lower 
pressure wave bullets such as the 147 grain 
Winchester 9mm JHP bullet at 9mm velocity 
levels. The tissue damage due to the 147 grain 
9mm bullet agrees with the PC-only view 
asserted by Fackler/IWBA adherents: a nearly 
cylindrical region of crushed tissue with a 
diameter well approximated by the expanded 
diameter of the bullet. There is little tissue 
damage beyond the tissue crushed directly by 
the bullet.
V. Example 3: Incapacitation 
comparison of two bullets
The goal of this experiment was to compare 
incapacitation effects of the 147 grain Win JHP 
at 990 fps with the 115 grain Triton Quik-Shok at 
1450 fps.
Load 1: .357 Sig 115 grain Triton Quik-Shok 
Permanent Cavity Volume:4 4.1 cubic inches
Peak Pressure Wave Magnitude:5 986.8 PSI
Load 2: 9mm 147 Grain Winchester JHP (WWB) 
Permanent Crush Cavity Volume: 4.2 cubic inches
Pressure Wave Magnitude: 305.6 PSI
Since these two bullets have comparable direct 
crush volumes and different pressure wave 
magnitudes, they are a good choice for 
investigating the hypothesis that a ballistic 
pressure wave contributes to rapid incapacitation 
by handgun bullets [COC06a, COC06b, 
COC06c, COC07a, COC07b].
                                                
4 Estimated using the FBI method: volume of directly crushed 
tissue.
5 On the surface of 1" diameter cylinder centered at wound 
channel [COC06c].
The experimental plan for each load was to 
shoot five antlerless deer that were standing 
broadside within a small zone in the chest 
defined as being within one inch of the center 
line (top to bottom), in front of the fourth rib 
(counting from the back), and behind the 11th
rib.  Antlered deer and deer that had previously 
dropped their antlers were excluded because 
they demonstrate a much wider variety of body 
condition, health, demeanor, and behavioral 
patterns than antlerless deer.  
We considered instrumenting the testing area 
to use incapacitation time as our quantitative 
measure of incapacitation.   However, we 
decided to use distance to carcass recovery 
(the distance the deer ran between being shot 
and dropping for good) in order to facilitate 
other researchers verifying and extending our 
work.6  Almost every hunter considers drop 
distance as a valid metric of incapacitation in 
deer and observations have determined that 
fatally wounded deer average  about 10 yards 
per second in their death run.7  Consequently, 
one can simply divide the average drop 
distance by 10 to have an estimate of the 
average incapacitation time.
After a deer was shot, the drop distance was 
recorded.  Prior to the experiment, the area 
was surveyed with a tape measure and laser 
range finder.  Results of this survey were used 
to determine the drop distance within 2 yards.  
When necessary, drop distances were verified 
by GPS, laser range finder, and pacing.  It is 
common that a deer doesn’t run in a perfectly 
                                                
6 Instrumenting the area to determine incapacitation time is 
expensive and the resulting method would severely limit the 
accessibility of the method to other researchers.
7 Of course, deer can run faster than 10 yards per second.  
However, no moving object that begins and ends at rest has an 
average velocity equal to its maximum, and no moving object 
that does not move in a perfectly straight line has an average 
velocity equal to its maximum.  Furthermore, most animals 
that are fatally wounded and rapidly losing blood pressure 
cannot maintain the same maximum speed as when in good 
health.
7straight line after it is shot.  Reconstructing the 
precise path of travel is not always possible.  For 
consistency, we use the straight-line distance 
from the point of the shot to the point of 
recovery.  This is always obtainable.
A necropsy was performed to determine whether 
each deer represented a valid data point and to 
inspect for internal injuries and signs of 
wounding.  Our experimental design excludes 
deer that were determined to be in poor health 
prior to the shot, as well as deer where the shot 
placement did not meet the criteria.  
Powder charges were developed so that the 
impact velocity at 25 yards was a close match to 
the muzzle velocity when fired from a pistol.  (All 
deer were shot at between 22 and 27 yards.)  
Different muzzleloading rifles vary considerably 
in the powder charge required to replicate a 
given pistol load, so it is important to develop a 
load for the specific muzzleloader actually used 
in the experiment.  For the 115 grain Quik-Shok 
bullet, these loads were accurate (1” at 50 yards) 
and allow for precise shot placement from a 
scoped muzzleloader on a shooting bench if the 
deer doesn’t move.  The 147 grain Win JHP was 
more problematic, with groups about 6” wide and 
2” high at 25 yards, but we were able to keep 
most of our shots in the required target region.
A. Predictions based on Strasbourg
The Strasbourg goat tests [STR93] observed an 
average incapacitation time of 9.9 seconds using 
a Winchester 147 grain JHP bullet from a 9mm.8  
Using the rule of thumb that deer run an average 
of 10 yards per second after being shot, this 
allows us to predict an average drop distance of 
99 yards.  
The Strasbourg Tests did not test the 115 grain 
Triton Quik-Shok at .357 Sig velocities.  
                                                
8 It has been claimed [FAC94a] that the Strasbourg tests were 
fraudulent.  However, a review of these claims finds substantial 
fallacious reasoning and exaggerations [COC06a].
However, we expected to observe performance 
comparable to that of the 115 grain 9mm bullet 
of the same construction, and no better than 
the 125 grain .357 Magnum Quik-Shot at 1450 
FPS.  Using the 9mm results from Strasbourg 
predicts a drop distance of 48.2 yards.  Using 
the .357 Magnum results predicts a drop 
distance of 44 yards.  
Wound ballistics experts [ROL00] have 
suggested that .357 Sig bullets will perform 
comparably to 9mm bullets of similar 
construction.  For this reason, it is not 
unreasonable to expect the results for the .357 
Sig to be closer to those for the 9mm.  
Therefore, the Strasbourg tests predict that the 
115 grain Quik-Shok will produce an average 
drop distance of 48 yards.
Many hunters have made anecdotal 
observations that deer routinely run 50-100 
yards when hit by rifle bullets that don’t directly 
impact the CNS or major bone structure, so 
one might expect few pistol loads to perform 
this well.  However, many commonly used deer 
hunting loads don’t create pressure waves 
significantly larger than the most effective 
handgun loads because of excessive 
penetration.  The Triton Quik-Shok load can 
work as well as many rifle loads for broadside 
placement, because it transfers energy much 
more completely than many rifle loads.
B. Experimental Results
The distance run by each of the 10 deer is 
shown in Table 1.  The average distance for 
the 115 grain Quik-Shok was 49.6 yards, in 
good agreement with the prediction of 48.2 
yards derived from the Strasbourg results.  The 
average distance for the 147 grain JHP was 
97.6 yards, in good agreement with the 
prediction of 99.0 yards from the Strasbourg 
tests.9  
                                                
9 A chi-square analysis comparing these results with 
Strasbourg suggests with 90% certainty that the Strasbourg 
tests are not fraudulent, as claimed by some [FAC94a].
8Table 1: Distances run by deer before collapse.10
Distance 
(yards)
Distance 
(yards)
Bullet  Tri 115 QS Win 147JHP
1 0 57
2 55 89
3 98 162
4 63 81
5 32 99
Mean 49.6(14.6) 97.6(15.7)
We considered the possibility of bias within the 
established parameters for shot placement.  All 
shots were within 1” from the horizontal midline.  
The average shot placement for the 115 grain 
Quik-Shok was 6.0 ribs from the rear.  The 
average shot placement for the 147 grain Win 
JHP was 7.5 ribs from the rear, indicating that on 
average, the Win JHP entered the deer 1.5 ribs 
further forward than the Quik-Shok.  This small 
forward bias should not result in a significant 
difference in performance. (A forward bias within 
the selection range would tend to result in more 
rapid incapacitation if any difference at all.)  
Since any placement bias, if present, favored the 
more poorly performing bullet, we believe that 
our test is logically valid and sound in 
demonstrating the greater incapacitation 
effectiveness of the bullet with the higher 
pressure wave.
We also considered the possibility of bias with 
regard to animal weight.  The deer shot with the 
115 grain Quik-Shok weighed an average of 
108(15) lbs, and the deer shot with the Win 147 
grain JHP weighed an average of 101(12) lbs.10
This small difference in average weight should 
not bias the results.  Since any weight bias, if 
present, favored the more poorly performing 
bullet, this test is a valid demonstration of the 
greater incapacitation effectiveness of the load 
creating a higher pressure wave.
                                                
10 The numbers in parentheses represent the uncertainty in the 
mean.
C. Interpretation and Conclusions
Even without reference to the Strasbourg tests, 
our experiment in deer supports the pressure 
wave hypothesis.  Comparing two bullets with 
comparable permanent crush cavity volumes 
demonstrates that the bullet with the larger 
pressure wave magnitude incapacitates 
significantly more quickly.
D. Cautions/Limits of Interpretation
With only five data points, the uncertainty in the 
average incapacitation time can often be close 
to 1.5 seconds, and the uncertainty in the 
average incapacitation distance can be close 
to 15 yards.  Consequently, unless more data 
points are used, this method is unlikely to 
distinguish between handgun loads with about 
the same level of effectiveness.  
In addition, the unobstructed shot placement in 
the side of the chest might make bullets with 
less penetration appear adequate for self-
defense or law enforcement purposes.  We do 
not advocate choosing self-defense bullets 
only on the basis of performance in deer.  Deer 
testing can be of benefit when choosing 
between loads that meet penetration and other 
gelatin-based test requirements.
VI. Conclusion
It is not our intent to suggest that testing 
handgun bullets in deer should supplant 
traditional methods of bullet testing in gelatin.  
However, live animal testing can supplement 
information gained by testing bullets in 
inanimate tissue simulants.  
Live animal experiments are useful for 
exploring incapacitation mechanisms and can 
be a valuable addition to gelatin testing for 
understanding bullet performance.  Selecting 
ammunition for law enforcement or self-
defense purposes should begin by assuring 
that the bullet expands reliably and meets 
penetration requirements for the application.  
9We have demonstrated a method that can be 
used to study the effects of handgun bullets in 
deer.  We describe examples of testing acoustic,
wounding, and incapacitation effects.  Common 
bullet performance metrics such as expanded 
diameter, retained weight, and penetration depth 
are also easy to determine for bullets that do not 
exit.  The method presented is widely accessible, 
relatively inexpensive, and might represent the 
simplest way to study bullet effects in live, 
unanesthetized animals.
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